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Description

Field of the Invention

[0001] Use of bleaching step using an adsorbent containing not more than 9.5% alumina oxide to reduce unwanted
contaminants, such as unwanted propanol components.

Background of the Invention

[0002] Crude oils, as extracted from their original source, are not suitable for human consumption due to the presence
of high levels of contaminants - such as free fatty acids, phosphatides, soaps and pigments - which may be either toxic
or may cause an undesirable color, odor or taste. Crude oils are therefore refined before use. The refining process
typically consists of the following major steps: degumming and/or alkali refining, bleaching and deodorizing. An oil
obtained after completion of the refining process (called a "NBD" or "RBD oil") is normally considered suitable for human
consumption and may therefore be used in the production of any number of foods and beverages.
[0003] Unfortunately, it has now been found that the refining process itself contributes to the introduction, of high levels
of unwanted propanol components into the refined oil.
[0004] A lot of efforts have been taken to reduce the levels of these unwanted propanol components such as free
chloropropanols, chloropropanol fatty acid esters, free epoxypropanols, epoxypropanol fatty acid esters, and combina-
tions thereof. A lot of diverse processes have been developed in order to avoid, to mitigate or to reduce the content of
these unwanted propanol components. These diverse processes each have been concerned with amending the process
conditions of at least one or more of the standard refining steps. These diverse processes each have been concerned
with amending the process conditions (e.g. process time, process temperature etc.) of at least one or more of the standard
refining steps. These adaptations of the standard process conditions, may have a negative impact on other quality
parameters of the oil such as color, taste and oxidation stability. A well-known procedure to avoid formation of unwanted
chloropropanols is the reduction of the deodorization time and/or temperature. Usually, deodorization time and/or tem-
perature in the standard process is selected to get the most promising results in respect of break-down and/or removal
of color molecules, off-flavors and oxidation products. However, selecting a process with a lower deodorization temper-
ature and/or shorter time may have to be compensated by further adaptations to the other process steps in oil refining
process.
[0005] JP 2016 040366 teaches an oil refining process wherein RDB palm oil is subjected to a treatment with a
decoloring agent.
[0006] Yet, there is still a need for a process allowing to obtain a vegetable liquid oil with low or negligible amounts of
these unwanted propanol components, while maintaining high quality in all other aspects of the oil.
[0007] The current invention provides such a process and such an oil.

Summary of the Invention

[0008] The current invention relates to a process for preparing purified vegetable liquid oil, and the process is comprising
contacting a vegetable liquid oil, which has not been subjected to a deodorization step, with an adsorbent comprising
alumina oxide and wherein the adsorbent has a content of alumina oxide of not more 9.5% preferably not more than
9%, more preferably not more than 8.5% (wt%).
[0009] It further relates to a deodorized vegetable liquid oil selected from the group consisting of oils from cotton, corn,
groundnut, linseed, olive, rape, canola, sesame, safflower, soybean, sunflower, their corresponding high oleic varieties,
and mixture of two or more thereof and said oil is being characterized by a content of free chloropropanols, and chloro-
propanol fatty acid esters in an amount of less than 90 mg/kg, less than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg,
and even most preferably less than 50 mg/kg. A food product comprising food ingredients and the deodorized vegetable
liquid oil of the present invention is also disclosed.
[0010] Finally it relates to the use of an adsorbent to mitigate or eliminate the formation of chloropropanol fatty acid
esters in vegetable liquid oil that has not been subjected to any deodorization step in a process for producing deodorized
vegetable liquid oils and wherein the adsorbent is having a content of alumina oxide not more than 9.5%.

Detailed Description

[0011] The current invention relates to process for preparing purified vegetable liquid oil, and the process is comprising
contacting a vegetable liquid oil, which has not been subjected to a deodorization step, with an adsorbent comprising
alumina oxide and wherein the adsorbent has a content of alumina oxide of not more than 9.5%, preferably not more
than 9%, more preferably not more than 8.5% (wt%).
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[0012] Preferably the content of alumina oxide is in the range of 0.5 to 9%, 1 to 9%, and a more preferred range is
from 2 to 8.5%. Further suitable levels likewise are in the range of 2 to 4%, 2.5 to 6.3%, 3 to 5% or 4 to 7%, or 2.5 to 6.5%.
[0013] Without being bound by any theory, the process according to the present invention, and in particular the con-
tacting of the vegetable oil with an adsorbent having a content of alumina oxide of less than 9.5%, will allow to remove
or to reduce the content of precursors of chloropropanol compounds. Due to this reduction or removal of these precursors,
there is less of a need to lower the deodorization temperature and thus avoiding formation of chloropropanol compounds
at high temperatures. The lowered, reduced or eliminated content of precursors of chloropropanol compounds will have
a positive impact on the reduction or elimination of formation of chloropropanol compounds at high temperatures.
[0014] The vegetable liquid oil may be derived from vegetable liquid oils or vegetable liquid oil blends and/or fraction-
ations thereof. The vegetable oil is liquid at room temperature (about 18 to 25°C). The vegetable liquid oils are selected
from the group consisting of oils from cotton, corn, groundnut, linseed, olive, rape, canola, sesame, safflower, soybean,
sunflower, their corresponding mid or high oleic varieties or any variety with increased level of unsaturated fatty acids
compared to the original seed variety, and mixture of two or more thereof. These varieties with increased levels of
unsaturated fatty acids can be obtained by natural selection or by genetic modification (GMO). Preferably the vegetable
oil is selected from the group consisting of corn, rape, canola, soybean, sunflower, their corresponding high oleic varieties,
and mixture of two or more thereof. The high oleic varieties are containing at least 40%, at least 50%, at least 60%, at
least 70%, preferably at least 80% oleic acid in respect of the fatty acid profile. Preferably the vegetable oil is selected
from the group consisting corn, rape, canola, soybean, sunflower, and mixture of two or more thereof.
[0015] Most preferably the vegetable liquid oil is rapeseed oil, sunflower oil or combinations thereof.
[0016] The vegetable liquid oil applied in the process of the present invention has not been subjected to any deodor-
ization step. The vegetable liquid oil may be crude, or refined oil in so far it has not been subjected to a deodorization
step. The vegetable oil may be crude, or refined oil in so far it has not been subjected to a deodorization step. The
vegetable oil may be degummed, and degumming may take place in presence of an acid. Preferably the vegetable oil,
optionally degummed, oil is neutralized in presence of alkali.
[0017] The process of the present invention provides a purified vegetable liquid oil wherein the content of process
contaminants, selected from the group consisting of free chloropropanols, chloropronanol fatty acid esters, and combi-
nations of two or more thereof, is reduced, or eliminated.
[0018] In another aspect of the invention, the adsorbent is non-chemically activated, i.e. physically activated. More in
particular, the adsorbent is not acid-activated. Furthermore, the adsorbents in the present invention are naturally occurring
minerals that have been activated by physical means. They are not activated by chemical means. Without being limited
to a specific physical activation of the adsorbent, a suitable physical activation may include or consist of a wetting, milling,
filtration and thermal treatment, including drying. The thermal treatment may be of any type and may for example be a
drying step, a microwave treatment or a heat treatment. In fact, the physically activated adsorbent may be more active
than the corresponding natural occurring minerals or bleaching clays.
[0019] In another aspect of the invention, the adsorbent is having a content of earth alkali oxides of from 12 to 27%
(wt%), from 15 to 25% (wt%), from 18 to 24% (wt%) or from 19 to 23% (wt%). Typical content may range from 13 to
24%, from 17 to 24%, from 19% to 24%, from 20 to 24%. More specifically these earth alkali oxides are magnesium
oxides and calcium oxides, all expressed in wt%.
[0020] In another aspect of the invention the adsorbent is having a content of magnesium oxide from 11 to 25%, from
14 to 24%, from 17 to 23%, from 18 to 21% (wt%), from 19 to 22% (wt%). Furthermore, preferably the adsorbent is
having a pH of at least 6, preferably at least 7. Typically the pH is within the range of 6 to 8.5.
[0021] In another aspect of the invention, the adsorbent is added to the vegetable liquid oil in an amount of not more
than 1% (w/w), not more than 0.6% (w/w), not more than 0.5% (w/w), not more than 0.4% (w/w), not more than 0.3% (w/w).
[0022] Typically, the contacting temperature (is bleaching temperature) whereby the vegetable liquid oil is contacted
with the adsorbent, is in the range of from 70 to 110°C, in the range of 80 to 100°C, in the range of 90 to 95°C.
[0023] In another aspect of the invention, the process is comprising a treatment of the vegetable liquid oil in presence
of a base, preferably an alkaline solution. This treatment in the presence of a base can occur anywhere in the process
of the present invention. It may occur before, after, during and/or between the steps of the process of the present
invention. Most commonly, the treatment in presence of alkaline solution is a neutralization step. If so desired, crude or
degummed oil may be treated with alkaline solution. In such alkali refining step (= neutralization step), the oil is commonly
mixed with a hot, aqueous alkali solution, producing a mixture of partially refined or "neutral" oil and soapstock. The
soapstock is then separated off and the partially refined oil is delivered to the next refining step.
[0024] In an aspect of the present invention the process is comprising the following steps without any particular order:

a) contacting a vegetable liquid oil that has not been subjected to a deodorization process with an adsorbent
comprising alumina oxide and wherein the adsorbent has a content of alumina oxide of less than 9.5%, preferably
less than 9%, more preferably not more than 8.5% (wt%),
b) treating the vegetable liquid oil, optionally degummed vegetable liquid oil with a base, preferably with alkali solution.
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[0025] In another aspect of the invention, the vegetable oil treated with the adsorbent is deodorized at a temperature
below 265°C, below 260°C, between 180°C and 250°C, between 200°C and 230°C, between 210°C and 230°C, from
220°C to 225°C. Due to the reduction or removal of the precursors of chloropropanol compounds in the process steps
prior to the deodorization, there is less of a need to lower the deodorization temperature. Yet, the process of the present
invention may include a deodorization step performed at a temperature lower than the temperature of a standard deo-
dorization step that is well-known in the art.
[0026] In another aspect of the invention processing steps such as re-bleaching of the deodorized oil in presence of
a bleaching agent and subsequent re-deodorization at temperature below 200°C are optional process steps and may
even further contribute to the purification of the vegetable liquid oil. The adsorbent used in the re-bleaching can be
activated (non-chemically (physically), chemical (e.g. acid)) or a natural bleaching earth or combinations thereof.
[0027] Any of a variety of degumming processes known in the art may be used. One such process (known as "water
degumming") includes mixing water optionally containing acid such as citric acid and/or phosphoric acid, with the crude
oil and separating the resulting mixture into an oil component and an oil-insoluble hydrated phosphatides component,
sometimes referred to as "wet gum" or "wet lecithin". Alternatively, phosphatide content can be reduced (or further
reduced) by other degumming processes, such as acid degumming, enzymatic degumming (e.g., ENZYMAX from Lurgi)
or chemical degumming (e.g., SUPERIUNI degumming from Unilever or TOP degumming from VandeMoortele/Dijkstra
CS).
[0028] The deodorising step and its many variations and manipulations are well known in the art. Preferably, it will
include introducing the oil into a deodoriser and contacting it with steam to vaporize and drive off free fatty acids (FFAs)
and other volatile impurities, resulting in a deodorised oil and a vapour stream.
[0029] The deodoriser may be any of a wide variety of commercially available deodorizing systems, including both
multi-chamber deodorisers (such as those sold by Krupp of Hamburg, Germany; De Smet Group, S A. of Brussels,
Belgium; Gianazza Technology s.r.l. of Legnano, Italy; Alfa Laval AB of Lund, Sweden, or others) and multi-tray deo-
dorisers (such as those sold by Krupp, DeSmet Group, S.A., and Crown Ironworks of the United States).
[0030] The deodoriser is desirably maintained at an elevated temperature and a reduced pressure to better volatilise
the FFAs and other volatile impurities. Most often, the deodoriser will be maintained at a pressure of no greater than 10
mm Hg. Preferably, it will be maintained at a pressure of no greater than 5 mm Hg, e.g., 1-4 mm Hg.
[0031] A quantity of steam is delivered to the deodoriser, e.g. through low-pressure steam lines (at 1-5 Bar for example),
and is then sprayed into the oil. As the steam, which may be superheated, bubbles through the oil, it will help strip it of
its FFAs and other volatile impurities. The flow rate of steam through the oil will vary depending on the nature and quality
of the oil being deodorised and the pressure and temperatures in the deodoriser. Generally, though, steam flow rates
in the order of 0.7-2.5 weight percent (wt. %) of the oil flow rates should suffice for most common processing conditions.
This produces a steam- containing vapour stream which is delivered from the deodoriser to one or more condensers.
[0032] In another aspect of the invention, the process of the present invention is comprising the sequence of the
following steps and in the following order:

a) Optionally degumming of vegetable liquid oil,
b) Neutralising the vegetable liquid oil, optionally degummed oil in presence of alkali,
c) Bleaching the alkali treated oil in presence of an adsorbent wherein the content of alumina oxide is less than 10%,
d) Deodorizing the bleached oil at a deodorization temperature below 265°C,
e) Optionally re-bleaching the deodorized oil in presence of a bleaching agent,
f) Optionally re-deodorizing the deodorized or re-bleached oil at a deodorization temperature below 200°C.

[0033] The deodorization temperature of step d) is below 265°C, below 260°C, between 180°C and 250°C, between
200°C and 230°C, between 210°C and 230°C, from 220°C to 225°C. The deodorization temperature of the optional step
f) is below 200°C, between 130°C and 200°C, between 150°C and 195°C, between 170°C and 180°C, preferably from
160 to 195°C.
[0034] The process according to the present invention may further comprise a re-bleaching step. This bleaching step
is performed in presence of a bleaching agent. The adsorbent used in the re-bleaching can be an activated (non-
chemically (physically), a chemical (e.g. acid)) or a natural bleaching earth or combinations thereof. The bleaching
temperature is in the range of 70 to 110°C.
[0035] The process according to the present invention may further comprise a re-deodorization step. This further
deodorization step is performed at a deodorization temperature below 200°C, between 130°C and 200°C, between
150°C and 195°C, between 170°C and 180°C, preferably from 160 to 195°C.
[0036] The process of the current invention allows to reduce the total content of the process contaminants selected
from the group consisting, free chloropropanols, chloropronanol fatty acid esters, and combinations of two or more
thereof, by at least 40%, at least 50%, at least 60%, preferably it is reduced by at least 70%, at least 80%, at least 90%
and even up to 95%, and thus obtaining the purified vegetable liquid oil, each time in comparison with a standard refined
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corresponding vegetable liquid oil i.e. a physical refined vegetable liquid oil, obtained by a standard refining process
that is using max 1% of an acid-activated bleaching earth in the bleaching step and a deodorization step at 240°C for 1 h.
[0037] In another aspect of the invention it has been shown that by applying the process of the invention and specifically
including the treatment in presence of alkali, the total content of the process contaminants selected from the group
consisting of free chloropropanols, chloropronanol fatty acid esters, and combinations of two or more thereof, by at least
50%, at least 60%, at least 70%, preferably it is reduced by at least 75%, at least 85%, at least 95% and even up to
99%, and thus obtaining the purified vegetable liquid oil, each time in comparison with a standard refined corresponding
vegetable liquid oil i.e. a physical refined vegetable liquid oil, obtained by a standard refining process that is using max
1% of an acid-activated bleaching earth in the bleaching step and a deodorization step at 240°C for 1 h.
[0038] In one aspect of the invention, the refining process, including an alkali neutralization step and using an adsorbent
having a content of alumina oxide of less than 9.5 allows obtaining deodorized sunflower oil, with less than 100 ppb,
less than 90 ppb of free chloropropanols, chloropropanol fatty acid esters and mixture of two or more thereof. This may
correspond to a reduction of at least 76%, up to at least 79% compared with a standard refined oil i.e. a physical refined
sunflower oil, obtained by a standard refining process that is using max 1% of an acid-activated bleaching earth bleaching
earth in the bleaching step and a deodorization step at 240°C for 1 h . More specifically, the obtained deodorized sunflower
oil has a content of less than 90 ppb of free chloropropanols, chloropropanol fatty acid esters and mixture of two or more
thereof, by using the process of the present invention and contacting the oil with an adsorbent having a content of alumina
oxide of less than 9.5% and having a content of earth alkali oxides of from 12 to 27% (wt%)
[0039] In one aspect of the invention, the refining process, including an alkali neutralization step and using an adsorbent
having a content of alumina oxide of less than 9.5 and having a content of earth alkali oxides of from 12 to 27% (wt%)
allows obtaining deodorized rapeseed oil, with less than 100 ppb, less than 90 ppb of free chloropropanols, chloropropanol
fatty acid esters and mixture of two or more thereof.
[0040] Furthermore, the present invention relates to a deodorized vegetable liquid oil is selected from the group
consisting of oils from cotton, corn, groundnut, linseed, olive, rape, canola, sesame, safflower, soybean, sunflower, their
corresponding high oleic varieties, and mixture of two or more thereof, said deodorized vegetable liquid oil being char-
acterized by a content of free chloropropanols, chloropropanol fatty acid esters and mixture of two or more thereof in
an amount of less than 90 mg/kg, less than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg, less than 40 mg/kg and
less than 40 mg/kg, and even less than 30 mg/kg (= ppb).
[0041] Preferably the vegetable oil is selected from the group consisting corn, rape, canola, soybean, sunflower, their
corresponding high oleic varieties, and mixture of two or more thereof. The high oleic varieties are containing at least
containing at least 40%, at least 50%, at least 60%, at least 70%, preferably at least 80% oleic acid in respect of the
fatty acid profile.
[0042] Preferably the vegetable oil is selected from the group consisting corn, rape, canola, soybean, sunflower, and
mixture of two or more thereof. Most preferably the vegetable liquid oil is rapeseed oil, sunflower oil or combinations
thereof.
[0043] The process of the present invention allows obtaining deodorized vegetable liquid oils according to specifications
in respect of color (red & yellow), taste score and oxidation stability; i.e. color red of max 1.5, color yellow of max 15, a
flavor quality score of at least 9 (10 being an excellent quality and 1 being the worst quality) and an OSI (at 110°C) of
at least 4.2 hours.
[0044] In one aspect of the invention it relates to a deodorized sunflower oil characterized by a content of free chlo-
ropropanols, chloropropanol fatty acid esters and mixture of two or more thereof in an amount of less than 90 mg/kg,
less than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg, less than 50 mg/kg and less than 40 mg/kg, and even less
than 30 mg/kg (= ppb).
[0045] In one aspect of the invention it relates to a deodorized rapeseed oil characterized by a content of free chloro-
propanols, chloropropanol fatty acid esters and mixture of two or more thereof in an amount of less than 90 mg/kg, less
than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg, less than 50 mg/kg (= ppb).
[0046] Unless specified otherwise, the content of free chloropropanols, chloropropanol fatty acid esters and mixture
of two or more thereof is determined by using Method DGF Standard Methods Section C (Fats) C-VI 18(10) (Assay B).
[0047] It is worthwhile mentioning that current existing analytical methods in general have an LOQ (limit of quantification)
of about 100 mg/kg. This means that levels below 100 mg/kg are only taking into account when several repetitions, (i.e.
at least 3 times) of the analytical method provide consistently the same or similar levels of below 100 mg/kg. In certain
products of the invention the analytical method provides values less than 90 mg/kg, less than 80 mg/kg, less than 70
mg/kg, less than 60 mg/kg and less than 50 mg/kg and less than 40 mg/kg, and even less than 30 mg/kg (= ppb). These
values are taken into account when several repetitions, (i.e. at least 3 times) of the analytical method provide consistently
the same or similar levels of less than 90 mg/kg, less than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg or even
below 50 mg/kg. Under these circumstances the product is quantified as having a content of less than 90 mg/kg, less
than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg or less than 50 mg/kg and less than 40 mg/kg, and even less than
30 mg/kg (= ppb).
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[0048] A food product comprising food ingredients and the deodorized vegetable liquid oil according to the present
invention is further disclosed. The food product comprises the deodorized vegetable liquid oil of the present invention
in an amount of 0.3 to 80%. Such a food product may be an infant food, food for elderly people, confectionary, frying
oil, table oil or salad dressing.
[0049] Infant food is a term well-known in the art and it refers to food that is specifically manufactured for infants and
it may be characterized in that is soft, and easily consumable by infants and has a nutritional composition adapted to
the specific needs at each growth stage. Food for elderly is the specialized nutrition that is suitable for elderly people
that have trouble with eating in general. The trouble with it may be due to dental problems causing difficulties with
chewing, or problems with swallowing or motor skill feeding problems or anything else which may lead to malnutrition.
The food for elderly people is a class of food that can overcome or reduce these troubles mainly due to its adapted
consistency, shape and/or portion. Such food of elderly does not need to be limited to elderly people per se. Anyone
suffering from similar symptoms that may cause malnutrition can benefit from this type of food.
[0050] Finally, the present invention relates to the use of an adsorbent to mitigate or eliminate the formation of chlo-
ropropanol fatty acid esters in a vegetable liquid oil that has not been subjected to any deodorization step in a process
for producing deodorized vegetable liquid oils and wherein the adsorbent is having a content of alumina oxide not more
than 9.5%.
[0051] In one aspect of the present invention it relates to the use of an adsorbent to mitigate or eliminate the content
of precursors of chloropropanol fatty acid esters in vegetable liquid oil that has not been subjected to any deodorization
step in a process for producing deodorized vegetable liquid oils.
[0052] More in particular, it relates to the use wherein the adsorbent is having a content of earth alkali oxides of is
having a content of earth alkali oxides of from 12 to 27%, from 15 to 25% (wt%), from 18 to 24% (wt%) or from 19 to
23% (wt%). Typical content may range from 13 to 24%, from 17 to 24%, from 19% to 24%, from 20 to 24%.
[0053] Furthermore, in another aspect of the invention, it relates to the use wherein the adsorbent is non-chemically
activated.
[0054] In yet another aspect of the invention it relates to the use wherein the adsorbent is having a content of magnesium
oxide from 11 to 25%, from 14 to 24%, from 17 to 23%, from 18 to 21% (wt%), from 19 to 22% (wt%).
[0055] It further relates to the use of the present invention wherein the adsorbent is applied in an amount the adsorbent
is added to the vegetable liquid oil in an amount of not more than 1% (w/w), not more than 0.6% (w/w), not more than
0.5% (w/w), not more than 0.4% (w/w), not more than 0.3% (w/w).
[0056] Finally, it relates to the use wherein the adsorbent is used in a bleaching step of the process for producing
deodorized vegetable liquid oils, more preferably in a bleaching step of a process further comprising a treatment in
presence of a base, preferably an alkali solution.
[0057] In fact, the use of the present invention allows to mitigate or eliminate the formation of chloropropanol fatty acid
esters by at least 50%, at least 60%, at least 70%, preferably it is reduced by at least 75%, at least 85%, at least 95%
and even up to 99%, in comparison to the reference, i.e. a standard refined corresponding vegetable liquid oil i.e. a
physical refined vegetable liquid oil, obtained by a standard refining process that is using max 1% of an acid-activated
bleaching earth in the bleaching step and a deodorization step at 240°C for 1 h.

EXAMPLES

METHOD OF ANALYSIS

[0058] The 3-MCPD content in the deodorized oil was measured according to Method DGF Standard Methods Section
C (Fats) C-VI 18(10) (assay B). Levels below 100 mg/kg are only taking into account when several repetitions, (i.e. at
least 3 times) of the analytical method provide consistently the same or similar levels of below 100 mg/kg.
[0059] Color (red, yellow and, specifically for rapeseed oil, blue) was measured according to the Lovibond method
(official AOCS method Cc13e-92). A 5¨ inch glass measuring cell was used.
[0060] The oxidative stability of the oil is assessed by measuring of the induction time which characterizes the resistance
of the oil to oxidation at a specified temperature. The induction time is expressed as Oil Stability Index (OSI). A suitable
method is the measurement using a Rancimat equipment (Metrohm) according to AOCS method Cd12b-92.
[0061] The oils were tasted and evaluated for their flavor quality. A flavor quality score was given according to AOCS
method Cg 2-83, where a flavour quality score of 10 is an excellent quality and a flavour quality score of 1 is the worst.

Example 1 - Sunflower oil

[0062] 100 g neutralized sunflower oil was bleached using bleaching clay as specified in table 1. Bleaching was carried
out at 90°C for 5 minutes at atmospheric pressure, followed by 20 minutes at 150 mbar and finally 5 minutes at full
vacuum. After bleaching, the bleaching clay was removed from the oil by filtration (0.45 mm filter).
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[0063] The oil was then heated for 2h at 200°C
[0064] 3MCPD was measured. Levels below 100 mg/kg are only taking into account when several repetitions, (i.e. at
least 3 times) of the analytical method provide consistently the same or similar levels of below 100 mg/kg.

Example 2 - Sunflower oil

[0065] Crude sunflower oil was neutralized at 90°C by dosing in a first step phosphoric acid (75% concentration,
amount is based upon content of non-hydratable phospholipids) and subsequently a 15% NaOH solution (amount based
on the FFA (free fatty acids) content, and added with 13-19% excess) and water (10% based the crude oil amount) In
a next step the oil was washed with 10% water.
[0066] The neutralized oil was dried at 95°C and pressure of 70-100 mbar and then bleached with 0.40% of the
bleaching clay characterized in table 2, and 0.05% active carbon. The oil is bleached for 50 min at 95°C at a pressure
of about 77mbar.
[0067] After removing the bleaching clay, and active carbon the oil was subsequently deodorized at a temperature of
230°C during 40 minutes at pressure of 1 mbar, using 0.9 % of sparge steam.
[0068] The 3MCPD content in the deodorized oil was measured. Levels below 100 mg/kg are only taking into account
when several repetitions, (i.e. at least 3 times) of the analytical method provide consistently the same or similar levels
of below 100 mg/kg.
[0069] Color (red & yellow), flavor quality score and oxidation stability of the resulting deodorized oils was according
to specifications i.e. Color red of max 1.5, color yellow of max 15, a flavor quality of at least 9 and an OSI (at 110°C) of
at least 4.2 hours.

Table 1

Comparative example Sample 1.1 Sample 1.2 Sample 1.3

Bleaching Clay characteristics

Activation Acic activated Non-chemically activated (the same for 1.1; 1.2 and 1.3)

SiO2 76.2% 57.4%

Al2O3 11.2% 2.6%

Fe2O3 2.7% 13.7%

CaO 2.3% 0.8%

MgO 0.8% 19.1%

pH 3.3 8.5

Bleaching clay dosage 1% 1% 0.6% 0.3%

Analysis of the oil after deodorization

3MCPD 420ppb 29ppb 37ppb 38ppb

Table 2

Bleaching Clay characteristics

Activation Non-chemically activated

pH 7

SiO2 56,3%

Al2O3 6,2%

Fe2O3 2,1%

CaO 1,3%

MgO 22,3%

Analysis of the oil after deodorization

3MCPD 84 ppb (mean value of 6 different trials)
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Examples 3 - Rapeseed oil

[0070] Crude rapeseed oil was neutralized at 90°C by dosing in a first step phosphoric acid (75% concentration,
amount based upon content of non-hydratable phospholipids) and subsequently a 15% NaOH solution (amount based
upon content of the FFA content added with 13-19% excess) and water (10% based the crude oil amount) In a next step
the oil was washed with 10% water.
[0071] The neutralized oil was dried at 95°C and pressure 70-100 mbar and then bleached with 0.45% of the bleaching
clay characterized in table 3 and 0.05% active carbon. The oil was bleached for 50 min at 95°C at a pressure of about
77mbar.
[0072] After removing the bleaching clay and active carbon, the oil was subsequently deodorized at a temperature of
230°C during 40 minutes at pressure of 1 mbar, using 0.9 % of sparge steam.
[0073] The 3MCPD content in the deodorized oil was measured. Levels below 100 mg/kg are only taking into account
when several repetitions, (i.e. at least 3 times) of the analytical method provide consistently the same or similar levels
of below 100 mg/kg.
[0074] Color (red, yellow & blue), flavor quality and oxidation stability of the resulting deodorized oils was according
to specifications i.e. color red of max 1.5, color yellow of max 15, color blue of max 0.3, a flavor quality score of at least
9 and an OSI (at 110°C) of at least 4.2 hours.

Claims

1. A process for preparing purified vegetable liquid oil, and the process is comprising contacting a vegetable liquid oil,
which has not been subjected to a deodorization step, with an adsorbent comprising alumina oxide and wherein the
adsorbent has a content of alumina oxide of not more than 9.5%, preferably not more than 9%, more preferably not
more than 8.5% (wt%).

2. The process according to claim 1 wherein the adsorbent is non-chemically activated.

3. The process according to claims 1 or 2 wherein the adsorbent is having a content of earth alkali oxides of from 12
to 27% (wt%).

4. The process according to anyone of claims 1 to 3 wherein the adsorbent is having a content of magnesium oxide
from 11 to 25%.

5. The process according to anyone of claims 1 to 4 wherein the adsorbent is added in an amount of not more than
1% (w/v), not more than 0.6% (w/v), not more than 0.5% (w/v), not more than 0.4% (/v), not more than 0.3% (w/v).

6. The process according to anyone of claims 1 to 4 wherein the process is comprising a treatment of the vegetable
liquid oil in presence of a base, preferably alkali solution.

7. The process according to anyone of claims 1 to 5 wherein the process is comprising the sequence of the following

Table 3

Bleaching Clay characteristics

Activation Non-chemically activated

pH 7

SiO2 56,3%

Al2O3 6,2%

Fe2O3 2,1%

CaO 1,3%

MgO 22,3%

Analysis of the oil after deodorization

3MCPD 88 ppb (mean value of 6 different trials)
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steps:

a) Optionally degumming of vegetable liquid oil,
b) Neutralising the degummed oil in presence of alkali,
c) Bleaching the alkali treated oil in presence of an adsorbent wherein the content of alumina oxide is less than
10% and the content of earth alkali metal oxides is from 12 to 27%,
d) Deodorizing the bleached oil at a deodorization temperature below 265°C,
e) Optionally re-bleaching the deodorized oil in presence of an acid-activated bleaching agent,
f) Optionally re-deodorizing the deodorized or re-bleached oil at a deodorization temperature below 200°C.

8. A deodorized vegetable liquid oil selected from the group consisting of oils from cotton, corn, groundnut, linseed,
olive, rape, canola, sesame, safflower, soybean, sunflower, their corresponding high oleic varieties, and mixture of
two or more thereof and said oil is being characterized by a content of free chloropropanols, and chloropropanol
fatty acid esters in an amount of less than 90 mg/kg, less than 80 mg/kg, less than 70 mg/kg, less than 60 mg/kg,
less than 50 mg/kg or less than 40 mg/kg, or even less than 30 mg/kg.

9. Use of an adsorbent to mitigate or eliminate the formation of chloropropanol fatty acid esters in vegetable liquid oil
that has not been subjected to any deodorization step in a process for producing deodorized vegetable liquid oils
and wherein the adsorbent is having a content of alumina oxide not more than 9.5%.

10. The use according to claim 9 wherein the adsorbent is having a content of earth alkali oxides of from 12 to 27%.

11. The use according to claim 9 or 10 wherein the adsorbent is non-chemically activated.

12. The use according to anyone of claims 9 to 11 wherein the adsorbent is having a content of magnesium oxide from
11 to 25%.

13. The use according to anyone of claims 9 to 12 wherein the adsorbent is used in a bleaching step of the process for
producing deodorized vegetable liquid oils.

Patentansprüche

1. Verfahren zum Herstellen eines gereinigten flüssigen Pflanzenöls, und wobei das Verfahren ein Inberührungbringen
eines flüssigen Pflanzenöls, das keinem Desodorierungsschritt unterzogen wurde, mit einem Adsorbens umfasst,
umfassend Aluminiumoxid, und wobei das Adsorbens einen Gehalt an Aluminiumoxid von nicht mehr als 9,5 %,
vorzugsweise weniger als 9 %, mehr bevorzugt nicht mehr als 8,5 % (Gew.-%) aufweist.

2. Verfahren nach Anspruch 1, wobei das Adsorbens nicht chemisch aktiviert wird.

3. Verfahren nach Anspruch 1 oder 2, wobei das Adsorbens einen Gehalt an Erdalkalioxiden von 12 bis 27 % (Gew.-
%) aufweist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei das Adsorbens einen Gehalt an Magnesiumoxid von 11 bis 25
% aufweist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei das Adsorbens in einer Menge von nicht mehr als 1 % (w/v),
nicht mehr als 0,6 % (w/v), nicht mehr als 0,5 % (w/v), nicht mehr als 0,4 % (/v), nicht mehr als 0,3 % (w/v) zugegeben
wird.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei das Verfahren eine Behandlung des flüssigen Pflanzenöls in
Gegenwart einer Base, vorzugsweise einer Alkalilösung, umfasst.

7. Verfahren nach einem der Ansprüche 1 bis 5, wobei das Verfahren die Sequenz der folgenden Schritte umfasst:

a) optional Entschleimen des flüssigen Pflanzenöls,
b) Neutralisieren des entschleimten Öls in Gegenwart von Alkali,
c) Bleichen des alkalibehandelten Öls in Gegenwart eines Adsorbens, wobei der Gehalt an Aluminiumoxid
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weniger als 10 % beträgt und der Gehalt an Erdalkalimetalloxiden von 12 bis 27 % beträgt,
d) Desodorieren des gebleichten Öls bei einer Desodorierungstemperatur unter 265 °C,
e) optional erneutes Bleichen des desodorierten Öls in Gegenwart eines säureaktivierten Bleichmittels,
f) optional erneutes Desodorieren des desodorierten oder erneut gebleichten Öls bei einer Desodorierungs-
temperatur unter 200 °C.

8. Desodoriertes flüssiges Pflanzenöl, das aus der Gruppe ausgewählt ist, bestehend aus Ölen von Baumwolle, Mais,
Erdnuss, Leinsamen, Olive, Raps, Canola, Sesam, Saflor, Sojabohne, Sonnenblume, deren entsprechenden Sorten
mit hohem Ölsäuregehalt und einer Mischung aus zwei oder mehreren davon, und wobei das Öl gekennzeichnet
ist durch einen Gehalt an freien Chlorpropanolen und Chlorpropanolfettsäureestern in einer Menge von weniger
als 90 mg/kg, weniger als 80 mg/kg, weniger als 70 mg/kg, weniger als 60 mg/kg, weniger als 50 mg/kg oder weniger
als 40 mg/kg oder sogar weniger als 30 mg/kg.

9. Verwendung eines Adsorbens, um die Ausbildung von Chlorpropanolfettsäureestern in flüssigem Pflanzenöl, das
keinem Desodorierungsschritt unterzogen wurde, in einem Verfahren zum Herstellen desodorierter flüssiger Pflan-
zenöle abzuschwächen oder zu eliminieren und wobei das Adsorbens einen Gehalt an Aluminiumoxid von nicht
mehr als 9,5 % aufweist.

10. Verwendung nach Anspruch 9, wobei das Adsorbens einen Gehalt an Erdalkalioxiden von 12 bis 27 % aufweist.

11. Verwendung nach Anspruch 9 oder 10, wobei das Adsorbens nicht chemisch aktiviert wird.

12. Verwendung nach einem der Ansprüche 9 bis 11, wobei das Adsorbens einen Gehalt an Magnesiumoxid von 11
bis 25 % aufweist.

13. Verwendung nach einem der Ansprüche 9 bis 12, wobei das Adsorbens in einem Bleichschritt des Verfahrens zum
Herstellen desodorierter flüssiger Pflanzenöle verwendet wird.

Revendications

1. Procédé de préparation d’huile végétale liquide purifiée, et le procédé comprenant la mise en contact d’une huile
végétale liquide, qui n’a pas été soumise à une étape de désodorisation, avec un adsorbant comprenant de l’oxyde
d’alumine et dans lequel l’adsorbant a une teneur en oxyde d’alumine de pas plus de 9,5 %, de préférence pas plus
de 9 %, plus préférablement pas plus de 8,5 % (% en poids).

2. Procédé selon la revendication 1, dans lequel l’adsorbant est activé non-chimiquement.

3. Procédé selon les revendications 1 ou 2, dans lequel l’adsorbant a une teneur en oxydes alcalino-terreux allant de
12 à 27 % (% en poids).

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel l’adsorbant a une teneur en oxyde de
magnésium allant de 11 à 25 %.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’adsorbant est ajouté en une quantité de
pas plus de 1 % (p/v), pas plus de 0,6 % (p/v), pas plus de 0,5 % (p/v), pas plus de 0,4 % (/v), pas plus de 0,3 % (p/v).

6. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel le procédé comprend un traitement de l’huile
végétale liquide en présence d’une base, de préférence une solution alcaline.

7. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel le procédé comprend la séquence des étapes
suivantes :

a) Dégommage éventuel de l’huile végétale liquide,
b) Neutralisation de l’huile dégommée en présence d’alcali,
c) Blanchiment de l’huile traitée par alcali en présence d’un adsorbant dans lequel la teneur en oxyde d’alumine
est inférieure à 10 % et la teneur en oxydes de métaux alcalino-terreux est comprise entre 12 et 27 %,
d) Désodorisation de l’huile blanchie à une température de désodorisation inférieure à 265 °C,
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e) Re-blanchiment éventuel de l’huile désodorisée en présence d’un agent de blanchiment activé par acide,
f) Re-désodorisation éventuelle de l’huile désodorisée ou re-blanchie à une température de désodorisation
inférieure à 200 °C.

8. Huile végétale liquide désodorisée choisie parmi le groupe constitué par des huiles de coton, de maïs, d’arachide,
de lin, d’olive, de colza, de canola, de sésame, de carthame, de soja, de tournesol, de leurs variétés correspondantes
à haute teneur en acide oléique, et de mélange de deux de celles-ci ou plus, et ladite huile étant caractérisée par
une teneur en chloropropanols libres et en esters d’acides gras de chloropropanol en une quantité inférieure à 90
mg/kg, inférieure à 80 mg/kg, inférieure à 70 mg/kg, inférieure à 60 mg/kg, inférieure à 50 mg/kg ou inférieure à 40
mg/kg, ou encore inférieure à 30 mg/kg.

9. Utilisation d’un adsorbant destiné à atténuer ou éliminer la formation d’esters d’acide gras de chloropropanol dans
une huile liquide végétale qui n’a pas été soumise à une quelconque étape de désodorisation dans un procédé de
production d’huiles liquides végétales désodorisées et dans laquelle l’adsorbant a une teneur en oxyde d’alumine
de pas plus de 9,5 %.

10. Utilisation selon la revendication 9, dans laquelle l’adsorbant a une teneur en oxydes alcalino-terreux allant de 12
à 27 %.

11. Procédé selon la revendication 9 ou 10, dans lequel l’adsorbant est activé non chimiquement.

12. Utilisation selon l’une quelconque des revendications 9 à 11, dans laquelle l’adsorbant a une teneur en oxyde de
magnésium allant de 11 à 25 %.

13. Utilisation selon l’une quelconque des revendications 9 à 12, dans laquelle l’adsorbant est utilisé dans une étape
de blanchiment du procédé de production d’huiles liquides végétales désodorisées.
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